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1
Introduction
In this contribution, we consider hyper-dense small cell deployments and discuss details of small cell on/off operation. 
2
Opportunistic small cell activation

Opportunistic activation and deactivation of small cells has been identified as one of the candidate technique [1] for hyper dense deployments of small cells. We have described opportunistic cell activation in [2] and in this contribution, we discuss in more detail the following aspects:

· Time scale for cell on/off
· Backward compatibility 
· Supported operating modes
· Detection of nearby UEs
2.1 Feasible time scale and impact on backward compatibility
In Figure 1 below, we show varioius options for the support of small cell on/off.
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Figure 1  Small cell On/Off support options
We have shown in [2], that for small cells scenario 1, and for a typical 50% loading of the network, 40% or larger gain on the cell edge and median can be achieved with opportunistic cell dormancy. The time scale we assumed from the results presented in [2] according to simulations assumptions from [3] was instantaneous activation and deactivation of small cells. If there is traffic data in its buffers, small cell eNB, transmits data together with the CRS. If there is no data in the buffers, CRS is not transmitted. Effectively, cell dormancy is implemented on a subframe level. 
In our view, Rel-12 UE needs to be able to cope with subframe level dormancy in order to allow for maximum performance gain of system throughput. However, it would be up to eNB implementation whether cell on/off is implemented on a slower time scale. Implementation of small cell on/off could have impact on backward compatibility. Fast cell turn on/off would impact legacy UEs as they are not prepared for instantaneous turning on and off of the eNB transmitter. In the presence of legacy UEs, reasonable eNB implementation would not instantaneously turn the cell on and off, but would rather implement slower cell on/off procedure. 
We discuss backward compatibility for a carrier frequency where there are no RRC_IDLE UEs. Cell dormancy feature is not well suited for carrier frequencies where RRC_IDLE UEs are camping, as it can lead to frequent reselection procedure. Very frequent reselection would lead to higher probability of missed paging messages. For that reason, during the discussion in this contribution, we assume that there is a separate frequency layer associated with macro eNB deployment (so-called coverage layer) that would be used for camping. Cell dormancy would be a feature on a separate carrier frequency (so-called capacity layer), where RRC_IDLE UEs are not present. 

Typical access procedure during RRC_IDLE to RRC_CONNECTED transition would then consists of UE accessing a coverage layer, and then based on the capacity needs, being either redirected to a coverage layer (for non-CA capable UEs) or Scell on a coverage layer being configured with RRC Reconfiguration Message (for CA capable UEs). There is no practical load balancing issue, as RRC_IDLE mode UEs do not need to be spread across carrier frequencies. Typically, there is enough paging capacity on a single frequency layer.    

2.1.1 Adaptive switching of mode of operation

As we have shown in [2] and discussed in [3], significant performance gain can be achieved with subframe level dormancy in Scenario 1. This mode of operation however might create backward compatibility issues, since legacy UEs assume continuous CRS transmission. One can however, easily achieve backward compatibility, if the fast dormancy is  adaptively enabled only if there are no legacy UEs in the vicinity of a cell that performs instantaneous cell on/off feature. 

The presence of RRC_IDLE legacy UEs could not be detected by a cell; however, as was discussed above, RRC_IDLE UEs (both legacy and Rel-12) should be directed to the macro layer for efficient operation, in which case the presence of RRC_IDLE legacy UEs on the small cell layer is not a concern.  In the Sections below we describe legacy modes of operation.
2.1.1.1 Slow cell turn on/off procedure

In case of legacy UEs that are not designed for instantaneous cell turn on/off, we envision the following procedure:

· A cell in turned on based on the eNB’s detection of a nearby UEs

· Rel-11 waveform is transmitted

· Power ramp is implemented in order to allow for smooth handover

· Once the cell that is turned on becomes the strongest cell for a particular UE, regular handover procedure is implemented. 

This procedure is likely to take at least several hundred milliseconds to several seconds.  

2.1.1.2 Rel-11 backward compatible MAC signalling based cell on/off procedure 

Another way to ensure backward compatibility with legacy Rel-11 UEs that support carrier aggregation is to use the Scell activation/deactivation procedure. This feature can support faster cell on/off procedure on an Scell. In this scenario, the procedure consists of the following:

· A given UE is configured with an Scell

· Scell for a given use is deactivated with MAC control signalling

· The eNB Tx associated with Scell is off

· Upon the eNB’s detection of a nearby UEs, eNB Tx is turned on

· Rel-11 waveform is transmitted

· Scell for a given UE activated with MAC control signalling

· UE can communicate with the eNB on an activated Scell

This procedure is much quicker and it can be completed in less than 100 ms as MAC control signalling delay is on the order of 10s of ms.  

2.1.1.3 Comparison of the procedures

Slow cell turn on/off procedure has no impact on legacy UEs. It is unclear to us however that any air interface changes are needed. As an eNB implementation feature, this procedure can be deployed on a Pcell as long as the time scale does not significantly impact RRC_IDLE mode UEs. 

MAC control signalling procedure to activate and deactivate a component carrier is compatible with Rel-11 UEs that use that carrier frequency as Scell. The time scale to turn the cell on and/or off can realistically be less than 100 ms, which as indicated by the simulation results in [4] for Scenario 2a, provides performance benefits compared to a slow cell on/off procedure described in Section 2.1.1.1.

Fast cell on/off means that a cell can be turned on and off on a subframe level as part of possible eNB implementation. As it has been shown in [2]
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 \* MERGEFORMAT [4], subframe level dormancy has best performance among all considered schemes. Fast cell on/off does not mean that the eNB will be required to turn off CRS transmission when there is no traffic. However, Rel-12 UEs would be required to handle subframe dormancy that is, handle the scenario when each subframe can be DTx’d. 
A possible mode of operation that we envision is that eNB employs slow dormancy on Pcell. The time scale of slow dormancy procedure should be such that it does not significantly impact RRC_IDLE UEs. 
MAC signalling based cell on/off procedure can be deployed on Scell where Rel-11 UEs are present. To ensure the procedure is compatible with Rel-11 UEs, a cell need to be turned on before UE is configured with that cell and the cell is activated with MAC control signalling. Therefore, MAC signalling at activation needs to be transmitted from Pcell. In case of deactivation, MAC signalling can also be transmitted from Scell.  The cell should be deactivated with MAC control signalling before it is turned off. The same procedure can be implemented for dual connectivity. The only impact dual connectivity may have is slight impact on the latency of the procedure as the backhaul delays need to be taken into account. 
MAC signalling based procedure can be applied to Rel-12 UEs as well. However, given the performance benefits shown in [4], faster cell on/off procedure should be allowed if legacy UEs are not present as Rel-12 UEs could be designed to cope with subframe level dormancy.
Conclusion:  Adaptively disabling instantaneous cell on/off feature at the eNB ensures backward compatibility of the feature. 

Proposal 1: It should be possible for the eNB to apply cell activation and deactivation procedure on a subframe level. 
2.2 Detection of nearby UEs 
Before a cell can be dynamically turn on and off, it is necessary to detect presence of a UE. We had proposed in [2] to utilize UL signals so that a dormant eNB can detect presence of nearby UEs. In our view the primary mechanism we should focus on is PRACH based method due to the robustness to timing offsets on uplink. PRACH transmission on UL can be triggered by PDCCH order for Rel-8 UEs. However, PDCCH order also implies random access procedure and in our view we should optimize the procedure for Rel-12 UEs. Obvious potential improvement to the random access procedure is that UE does not necessarily execute entire random access procedure, but simply transmit single (or more if configured) PRACH signature sequence upon receiving PDCCH order. The call flow for the enhanced PRACH procedure is illustrated in Figure 1.
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Figure 2: PRACH based detection of UEs for dormant cells.

Alternative approach would be to consider sounding reference signal (SRS) instead of PRACH. In case of SRS based method, air interface changes are not necessary as aperiodic trigger for SRS is already supported. 
Proposal 2: Optimize PRACH based method to detect presence of UEs by dormant eNBs. Alternatively, rely on SRS.
3
Conclusions 
In this contribution, we discussed the mechanisms for efficient small cell operation. We also propose to focus on fast cell dormancy and consider optimizing PRACH procedure of UE proximity detection by dormant small cells. 
Conclusion:  Adaptively disabling instantaneous cell on/off feature at the eNB ensures backward compatibility of the feature. 

Proposal 1: It should be possible for the eNB to apply cell activation and deactivation procedure on a subframe level.  
Proposal 2: Optimize PRACH or SRS based method to detect presence of UEs by dormant eNBs. Alternatively, rely on SRS.
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